to: (a) relate new knowledge to their prior understanding, (b) think in both abstract and concrete terms, (c) apply specific strategies to novel tasks, and (d) understand their own thinking and learning strategies (Hmelo & Ferrari, 1997) .
Key Elements Prompting Reflective Thinking
Young adolescents in the period of developmental transition need support to think reflectively (Lin, Hmelo, Kinzer, & Secules, 1999; National Middle School Association, 1995) . Without such support, they have difficulty relating new information to prior knowledge or choosing specific strategies in new situations.
Previous research on reflective thinking suggests that three areas are particularly important in prompting reflective thinking, although various elements can do so. First, particular teaching methods can influence the development of students' reflective-thinking skills (Virtanen, Kosunen, Holmberg-Marttila, & Virjo, 1999) .
Teachers who prefer inquiry-oriented activities help students to reflect on a situation by asking thoughtful questions. Explanation-oriented teachers describe concepts to students, thereby prompting reflective thinking based on newly presented information (Moon, 1999; Virtanen, Kosunen, Holmberg-Marttila, & Virjo, 1999) .
Teachers who also use wait-time effectively can prompt students to think reflectively before they react (Rowe, 1974) . The authenticity and real-life experience that the teacher brings into classroom learning activities also helps students think reflectively by providing real situations and contextualized knowledge about new information that they are learning. Next, scaffolding tools such as interactive journals, question prompts, and concept maps, also prompt reflective thinking (Griffith & Frieden, 2000; Kinchin & Hay, 2000) . For example, Andrusyszyn and Daive (1997) noted that students who participated in interactive journal writing perceived the journal as a tool that helped them think about personal experiences, summarize their learning, and share their learning experiences with others. Finally, the learning environment may prompt students to construct meaning actively and reflectively. Providing learner-controlled instruction encourages students to make their own decisions regarding their learning progress (Duffy & Cunningham, 1996; Williams, 1996) . Collaborative learning, in which students explore their understandings and misunderstandings together, helps students to think about what they already know, what they need to know, and how they would present and defend their own ideas in reaction to an instructional situation (Aldred & Aldred, 1998) . Complex learning activities requiring students to learn from multiple forms of information before responding tend to elicit active consideration of multiple inputs when students make judgments on how to proceed (Stepien & Pyke, 1997) .
Although it is widely believed that incorporating elements from the three areas mentioned above in a learning context prompts young adolescents' reflective thinking, it is not clear how these elements are related to each other and which elements are essential in prompting and enhancing students' reflective-thinking skills.
Exploring Some Factors that Prompt Reflective Thinking through Students Perceptions
It is important to take a mindful stance toward the development of learning environments that include scaffolds to prompt reflective thinking and ultimately knowledge construction. As noted previously, numerous studies have discussed elements that prompt reflective thinking; however, the constructs underlying these methods are not clear. To develop meaningful instructional design principles, it is important to investigate empirically the fundamental factors within which various elements can be categorized (Klimczak & Wedman, 1997) . Despite the plentiful suggestions for methods to help students develop their reflective-thinking skills, few researchers have attempted to examine students' perceptions of the helpfulness of those methods (Malpine & Weston, 2000) . One step in identifying empirically driven instructional design recommendations is to understand students' perceptions of the ability of these design elements to help them to reflect, because this is not clear.
Even when the instructional methods and strategies that teachers use are known to be effective, instruction may not be understood or perceived well by students (Wittrock, 1990) . Students may not perceive these designed environmental elements as helpful in prompting reflection; or they may perceive other environmental elements as more helpful. In both cases, the students' perceptions of instructional elements may affect their learning experience. Thus, understanding middle-school students' perceptions can inform the practice of developing learning environments that encourage reflection, and ultimately result in more effective learning. Further investigation of student perceptions by individual differences is also needed, to discover which underlying factors are meaningful. Students may perceive the effectiveness of particular design factors differently according to their individual characteristics (Gallagher, 1994; Roeser, Eccles, & Sameroff, 2000) . Gender, age and grade level have been investigated extensively as crucial individual differences over the past few decades (Butler & Manning, 1998; Craig, 1983; Wolman, 1982) . These factors are also examined in this study.
Purpose of the Study
• The purpose of this study was to explore some of the factors that theoretically prompt reflective thinking in middle-school students by examining their perceptions of the ability of various instructional design elements to prompt their reflection. The following research questions guided the study:
Which instructional design elements load together as factors that middle-school students perceive as helpful in prompting their reflective thinking?
Which of the identified factors and elements are perceived as the most helpful in prompting their reflective thinking? Are there differences in students' perception of the elements based on grade level or gender?
Methods

Participants and Procedures
The participants in this study consisted of 141 students from three middle schools located in a north-eastern state. Participants included 82 boys and 59 girls. Participants came from intact groups in six different classrooms representing the 6 th (n=84), 7 th (n=39), and 8 th (n=18) grades.
A ten-item survey was administered at the beginning of each group's science class. The survey was designed to measure middle-school students' perceptions of the underlying factors that supposedly prompt reflective thinking. The survey was administered by the students' science classroom teachers. Since students' perceptions could be affected by their participation in different science classroom learning environments, the survey was administered at the beginning of the semester, before classes began. This procedure enabled us to better control for environmental variables.
Measurement Instrument
A survey developed by the researcher was used because no pre-existing instrument was available to measure the perceived helpfulness of factors prompting reflective thinking (Koszalka & Song, 2002) . The survey instrument was composed of ten carefully targeted question items based on an extensive examination of the reflective-thinking literature. Each item on the survey queried students about one instructional design element suggested by the literature. The design elements included teacher explanations and questions, real-life tasks and wait-time, the use of scaffolding tools such as concept mapping, reflective writing and reflective question prompts, and supportive and flexible learning-environment elements including collaborative learning, complex learning activities and learner control (Aldred & Aldred, 1998; Andrusyszyn & Daive, 1997; Barrows, 1998; Griffith & Frieden, 2000; Kinchin & Hay, 2000; Moon, 1999; Rowe, 1974; Stepien & Pyke, 1997; Virtanen, Kosunen, Holmberg-Marttila, & Virjo, 1999) . Students were asked to respond to each statement using a five-point Likert scale ranging from strongly agree (5) to strongly disagree (1). In an effort to ensure content validity, faculty from a major university in a north-eastern state, with expertise in the area of reflective thinking, were asked to review the questions and assess the potential of the factors for prompt reflective thinking. All agreed that the items represented important elements hypothesized to prompt reflective thinking.
Therefore, all items were retained. In an effort to ensure readability and consistent interpretation by the intended audience, the survey instrument was pilot-tested with a sample of 3 children in the sixth, seventh, and eighth grades (Koszalka, Song, & Grabowski, 2002) . Each was asked to review and interpret the initial draft of the questions. This initial review confirmed that some terminology was too difficult for younger children. The items were revised based on this feedback, and a second sample of 5 different sixth grade students was asked to review the new version. Again, the items were edited in response to their feedback. For example, "working with complex tasks" was changed to "working on activities in class that have many different answers." After these students had completed the survey, 5 new students from each of the three groups (6 th, 7 th, and 8 th-grades) were interviewed to assess their understanding of the meaning of each item. The researchers asked the students to explain how helpful they thought each item was in prompting their thinking, and they paraphrased the meaning of each item. Their verbal responses were compared with their written survey responses. The data collected during the student interviews indicated that students understood the items and answered them consistently on the written survey and in the oral interviews.
Data Analysis
Exploratory factor analyses (EFA) employing principal component analysis with the varimax rotation method were used to determine the factors prompting reflective thinking. We used EFA instead of employing confirmatory factor analysis because the factor analysis in this study was meant primarily not to test an established factor structure but to develop a factor structure classifying the elements prompting reflective thinking (Tabachnick & Fidel, 2001 ). Further analyses of the data were conducted to examine the characteristics of the instructional design factors that emerged from the EFA. First, a one-way within-subjects ANOVA was run to identify the most highly regarded factor and element. Within-subjects analysis was run since all subjects responded to all the items in the measurement instrument, and responses were compared to each other. Factor mean scores were used to conduct the ANOVA. Mean scores of each factor was computed by dividing the sum of item scores loaded to each factor by the number of items. Since a five-point Likert scale was used for each item on the survey, the calculated factor means scores have the same range and thus, the researchers were able to test the difference between factors that included the different items. The one-way within-subjects ANOVA was chosen instead of a paired-sample t-test in order to control the Type-I error rate, since the use of multiple t-tests increases the chance of making a Type-I error in the absence of any adjustment of the significance level. Second, a factorial MANOVA was conducted to test for differences based on grade level and gender among the items related to the factors prompting reflective thinking. It was conducted to ensure accurate Type-I error estimates. Tukey's post hoc test for significant differences among groups was used as a follow-up test.
Results
Factor Structures from the Exploratory Factor Analysis
Before conducting the EFA, we carried out a preliminary analysis to find out whether the matrix used in this study was appropriate for the factor analyses. We examined the determinant of the correlation matrix to see if the variables correlated too highly. The value of the determinant was 0.064 greater than the necessary value of .00001, which indicated that multicollinearity was not a problem for the data used in this study.
Kaiser-Meyer-Olkin (KMO)'s Measure of Sampling Adequacy (MSA) and a Bartlett Test of Sphericity were also conducted to determine the appropriateness of the data matrix. The KMO's MSA measure varies between 0 and 1, and a value of 1 indicates that the pattern of correlation is relatively compact, so that the factor analysis should yield distinct and reliable factors. The MSA in this study was .806, which indicated a sound pattern of correlation. The Bartlett's measure showed significant correlations among the variables in the correlation matrix: Χ 2 (45, N=141) = 373.21, p <.01. In sum, the preliminary analysis results supported the evidence that the factor analysis assumption for the matrix used in this study was tenable.
Principal component analysis with orthogonal (varimax) rotation was used to examine the factor structures of the ten items. Orthogonal rotation was chosen because the correlations between factors calculated from the component correlation matrix turned out to be relatively low (r < .30) and, thus, the researchers in this study could assume the independence of the factors. The number of factors extracted was based on three criteria: (a) the eigenvalue, (b) the percentage of variance, and (c) a scree test (Hair, Anderson, Tatham, & Black, 1995) .
The decision to retain an item was based on the following two criteria: (a) an item-structure coefficient greater than .40 and (b) a minimum gap of .10 between salient coefficients on multiple factors (Nunnally, 1978) .
In response to the first research question, Which instructional design elements load together as factors that middle-school students perceive as helpful in prompting their reflective thinking?
, three factors emerged with eigenvalues greater than 1, which together accounted for 60.6% of the variance in the data.
Four items loaded to factor 1: teacher explanations, teacher questions, teacher wait-time, and real-life tasks.
Two items loaded to factor 2: reflective questions and reflective writing. Four items loaded to factor 3: collaborative learning, concept mapping, learner control, and complex learning activities. Table 1 presents the factor-structure matrix, eigenvalues, communalities, and variance for each factor. 
Factor 2 appears to relate to reflective scaffolding tools; reflective question prompts and writing are often used in the classroom to help students to develop reflective-thinking skills. Factor 3 appears to relate to reflective learning environments, defined by the data as having four elements: collaboration, learner-control, complex learning challenges and drawing pictures. The presence of Item 8, drawing pictures, in this group was unexpected; it was expected to load to reflective scaffoldingtools. From this data, it would seem that drawing pictures must have been perceived as helpful in the same way as the other more student-centered elements of this factor. Interestingly, Item 1, complex learning activities, was significant (.43), as expected, as part of the learning environment but also had a strong correlation (.40) with the scaffolding-tools factor and the gap between coefficients was not greater than 1.0. Because we focused on identifying constructs that lead to perceived helpfulness in terms of reflective thinking, we decided to retain Item 1.
To further analyze the data, we examined their internal-consistency reliability and bivariate correlations. Tables  2 and 3 show the means, standard deviations and correlation matrices for the three factors and ten items. The internal consistency for Factor 1 was .76; for Factor 2, .68, and for Factor 3, .61. The reliabilities of the three factors indicate that the variables making up each factor hang together fairly well.
Students Perceptions of some Factors / Elements Prompting Reflective Thinking
In response to the second research question, Which of the identified factors was perceived as most helpful in prompting their reflective thinking?, Factor 3-the reflective learning environment emerged as the highest ranked factor, followed by Factor 1-reflective teaching methods, and Factor 2-reflective scaffolding tools (see Table 2 ). The one-way within-subjects ANOVA showed significant differences between the reflective learning environment factor (M = 3.86, SD = 0.66) and the reflective scaffolding tools factor (M = 3.22, SD = 0.93), F(1, 140) = 40.73, p <. 01, between the reflective teaching methods factor (M = 3.70, SD = 0.72) and the reflective scaffolding tools factor (M = 3.22, SD = 0.93), F(1, 140) = 64.40, p <. 01. The most significant factor, the reflective learning environment, included the student-centered attributes collaborative learning, learner control, concept-mapping activities and complex-learning activities. Thus, students perceived the student-centered characteristics of the learning environment as more helpful in prompting reflective thinking than the teacher-centered teaching methods and scaffolding tools.
The one-way within-subjects ANOVA also uncovered the significant elements within each factor. Of the items 
Discussion
Six main conclusions can be drawn about middle-school students' perceptions of the helpfulness of these three design factors and ten instructional design elements in prompting their thinking.
Three Factors Prompting Reflective Thinking
Three major factors emerged from the exploratory factor analysis. Students perceived reflective teaching methods This may also explain a reason why students perceived concept mapping as similar to active and involved tasks, rather than as a scaffolding tool element as noted in the literature, although this finding was not consistent across grade levels, as will be discussed later. Authentic and ill-defined tasks are especially important characteristics of problem-based, case-based, and project-based learning environments (Albanese & Mitchell, 1993; Barrows, 1998) . Since the students' perceptions of the helpfulness of a general science learning environment was investigated in this study, students might not have experienced these types of tasks, and might have perceived them, therefore, as unhelpful in prompting their reflection.
Reflective Learning Environment as the Most Helpful Factor
Significant differences were found between the three perceived factors that prompted reflective thinking. The most helpful factor was the reflective learning environment, defined by these results as the various elements that make learning more active and student-centered. This is consistent with the design principles proposed in the constructivist learning environment literature (Jonassen & Land, 2000) . Students' perceptions of the reflective learning environment as the most helpful factor suggests that the design of educational activities intended to prompt reflective thinking should take into account elements that foster tolerant, active, collaborative, and experiential learning environments-those that build in learner control, and involve complex learning activities and working with partners.
Learner Control and Collaborative Learning as the Most Helpful Elements
Also of importance was that these students perceived the freedom to explore and work with partners as the most helpful instructional design elements. These two elements are referred to in the literature as learner control and the social nature of learning. The fact that students in this study perceived learner control as helpful is consistent with the results of previous studies that equated learner control with increases in instructional effectiveness and efficiency, learner independence and mental effort (Steinberg, 1989) . These findings imply that learners think that they will have more opportunity to be engaged in reflective thinking if they are in control of their learning activities (Duffy & Cunningham, 1996; Williams, 1996) .
As young teenagers develop into late adolescence, their social interaction with peers becomes a more important determinant of their behaviour and development of thinking skills (Craig, 1983) . Previous research on collaborative learning has determined that active exchanges of ideas within collaborative learning groups promote the development of thinking skills (White, Shimoda, & Frederiksen, 1999) . Small-group learning enables students to participate in reciprocal understanding. While participating in collaborative learning activities, students go through a process of conflict resolution, explanation, and justification before arriving at a shared conclusion (MacKnight, 2000) . Therefore, reflective-thinking skills may evolve from social learning.
Furthermore, Johnson and Johnson (1996) suggest that collaboration and learner control are closely related to each other. They found that collaborative learning improves the effectiveness of learner-controlled environments. When students work with peers, they learn to control their learning situation, seeking elaborative feedback from each other and making effective instructional decisions, whereas when they work individually they do not. Thus, it is expected that the two design elements, collaboration and learner control, helped students to think that they would engage in reflective thinking. This may be the reason why these elements were perceived to be significantly different from all the other elements, but not from each other.
Direct Guidance Needed to Prompt Reflective ThinkingIt is also interesting to note the low level of helpfulness ascribed to reflective writing (M = 2.94, SD = 1.13) despite the literature noting the importance of reflective-writing journals. Reflective writing and reflective question prompts were perceived as the least helpful of all the elements within the reflective scaffolding tools factor, but reflective question prompts were perceived as significantly more useful in prompting students to think reflectively than reflective writing. The ranking of mean scores for the other derived factor, reflective teaching methods, also suggests learning needs for younger adolescents. The explanation-oriented method ( teacher explanations) was perceived as more helpful than the inquiry-oriented method ( teacher questions). These findings imply that young adolescents may feel a need for more direct guidance in reflecting on their learning.Differences in Perceptions of Helpfulness by
Grade Level
The data analysis revealed significance differences between the grades on two specific elements, concept mapping and reflective question prompts. Sixth grade students perceived concept mapping (drawing pictures ) as more helpful than eighth grade students did. These findings suggest the necessity of developmentally appropriate support for reflective thinking. According to the National Middle School Association (1995), young adolescents between the ages of 10 to 15 are in a transition period from concrete to abstract thinking.
However, because cognitive growth occurs gradually, most students require ongoing concrete, experiential learning in order to develop intellectually. The finding that sixth graders perceived concept maps as a more helpful element of their learning environment than eighth graders did is consistent with this research; these younger adolescents are still at the concrete-thinking stage and can benefit from experiential learning. The result that seventh-grade groups perceived reflective question prompts as more helpful than the sixth-grade group, may show that as their intellectual abilities grow, students can become more involved in abstract thinking activities. These findings imply that we must design developmentally responsive environments that take into consideration the different characteristics of young adolescents. However, the fact that the authors used a design that was not balanced by grade level (6 th =85, 7 th= 40, and 8 th = 18), and did not use a random sample of participants, tends to limit the generalizability of this result. Since factor analysis solutions are sensitive to differences in the numbers of students in each grade level used in this study, it may be that the instructional methods used by teachers at the different grade levels influenced the student responses.
Differences in Perceptions of Helpfulness by Gender
The last finding of importance was the non-significant difference between boys and girls. Both genders perceived the most helpful factors and elements similarly. This result is partially supported by other studies on sex differences in the areas of learning and memory. According to Shepherd-Look (1982) , there are no sex differences in a variety of learning processes, mainly in memory tasks. Although reflective thinking is one of the higher-order thinking skills, this finding suggests that likewise neither sex has superior higher order thinking skills in perceiving the helpfulness of reflective thinking.
Conclusion
This study identified three design factors that a sample of young adolescents perceived as helpful in prompting their reflective thinking. These factors were reflective learning environments, reflective teaching methods, and reflective scaffolding tools. The reflective teaching methods factor included in this study was perceived as significantly less helpful than the reflective learning environments factor, and the reflective scaffolding tools factor as significantly less helpful than the reflective teaching methods factor. Although the students responded to each of these factors individually, it is still unclear how the factors interact with each other. Further research is needed to understand the relationships among these three factors so that a theoretical model can be devised to explain the mechanism of the instructional environment as a variable in prompting reflective thinking. To develop such a sophisticated theoretical model that can be applied in various situations, further research would also be needed to examine students' perceptions of the factors at different development stages (e.g., elementary-school children, college students) and within different learning environments (e.g., cases, projects, problem-based learning environments, etc.). Such a model could then be used to suggest instructional design factors that could be integrated into specific learning environments to prompt reflective thinking in students at a variety of age or grade levels. One of the most meaningful findings of this study, however, was the perceived importance of learner control and social/collaborative learning in prompting reflective thinking. The students felt that being in control and working with partners helped them reflect more than the other activities did. Since the reflective learning environment factor emerged as the most helpful factor, it is important to further refine and test the attributes of this factor. This process will help to determine whether there are other specific components in the learning environment that students perceive as prompting their reflective thinking. Another important finding from this study is that essential factors thought to prompt reflective thinking were validated with the factor analysis. Noting the scarcity of an instrument measuring students' perception on reflection, the inventory developed in this study may provide other researchers with a useful tool to further study the construct empirically. Although the middle-school students in this study perceived collaborative learning as the most helpful element in prompting their reflective thinking, they could still have difficulty in group decision-making and collaboration. In fact, some teachers who participated in this study reported that many of their students were inexperienced in group decision-making and collaborative learning. Often, teachers had to provide a great deal of scaffolding and coaching in such situations. Teachers also instituted problem-solving, decision-making, and team-building activities and experiences to help their students become more productive during collaborative sessions. This result implies that design elements of the reflective learning environment should be considered regarding delivery type or scaffolding type. Further studies should investigate how to scaffold reflective thinking during collaborative activities. While there is more research to be done, the findings of this study have important implications for instructional design. Empirical evidence has been provided regarding students' perceptions of the most helpful factors in prompting their reflective thinking. Student-centered learning environments that facilitate deeper thinking can be designed by including active, learner-controlled, collaborative, complex, and unhurried activities.
